Introduction
Metal alkenyl complexes of late transition elements have been known for several decades and their importance is associated with metal-mediated reactions involving unsaturated hydrocarbons. 1 With reference to species having the metal directly bound to a vinyl carbon (also called metal-vinyl compounds), they are generally obtained as a result of: (i) nucleophilic addition to a coordinated alkyne or a metal vinylidene complex, 2, 3 (ii) insertion of an alkyne, or sometimes an allene, into a metal-hydrogen, 4-10 metal-carbon, 11, 12 or even metalsulphur bond, 13 (iii) oxidative addition to low valent metal species. [14] [15] [16] [17] In the formation of metal alkenyl complexes, the presence of substituents on the unsaturated carbons can lead to different isomers whose yield depends upon their kinetic preference and subsequent possible isomerisation process. 2, 6, 8, 11 An interesting example of how the regio-selectivity can be governed by steric effects has been reported. 18 Some years ago we found that alkenyl platinum(II) species could rapidly be formed by deprotonation of a coordinated styrene in cationic complexes of the type [PtCl(η 2 -CH 2 vCHAr)- The observed selectivity appears to have a kinetic origin since in the cationic precursor the abstracted proton (the one trans to the aromatic ring) is the most exposed to the solvent and, hence, the most easily accessed by the attacking base. In chlorinated solvents, the E isomer partially isomerises into the corresponding Z form. Thus we decided to investigate the mechanism of the isomerisation process to see if the presence of a metal atom ( platinum in the present case) directly bound to an olefinic carbon would influence a transformation very much alike to the classic cis-trans isomerisation of a stilbene molecule. In our system the isomerisation is extremely slow in the dark but is catalyzed by visible light. In the case of (E)-2a and (E)-2b, some unidentified decomposition products were formed in solution over prolonged period of time, the formation of which was less evident in the photo-activated process. We, therefore, decided to study the E-Z isomerisation process using a broad band light source.
UV and visible radiation has been widely used in chemistry to initiate chemical reactions or to carry out photochemical processes. Particularly challenging is the possibility of inducing specific reactions by using excitation radiation of a given wavelength and, indeed, lasers and other light sources have been used not only in conventional photochemistry, but also as a mean to induce specific effects and produce selective photochemical reactions. 20 In this work UVA and blue light have been used to study a conventional process: the photo-isomerisation about a CvC double bond. Thus, the progress of the reaction has been monitored by NMR spectroscopy following irradiation of the NMR sample. 21 This type of isomerisation generally causes only minor changes in the UV-Vis spectrum; in contrast, large differences can be observed in the chemical shifts of some NMR signals belonging to the two isomers, allowing the ratio between isomers to be precisely evaluated by recording the NMR spectrum (1D 1 H NMR in the present case).
A second focus of the present work was a better understanding of the type of interaction occurring between the platinum centre and the phenyl ortho protons in the Z isomer which, as in the case of compound (Z)-2c, can cause a downfield shift greater than 3 ppm and ten times greater for one ortho proton over the other. The NMR and kinetic data have been complemented with the X-ray diffractometric analysis of compounds (E)-2a-c and (Z)-2a and with DFT and TD-DFT (time-dependent density functional theory) theoretical investigations which allowed us to shed light on the mechanism of the photo-isomerisation process as well as on the nature of the interaction between the platinum centre and the phenyl ortho protons in the Z isomer.
Results

The complexes
The complexes [PtCl(E-CHvCHAr)(tmeda)] (Ar = C 6 H 5 , (E)-2a; 4-CH 3 O-C 6 H 4 , (E)-2b; 3-NO 2 -C 6 H 4 , (E)-2c; and 3-CH 3 O-C 6 H 4 , (E)-2d, see Chart 1) were prepared by the reaction of triethylamine with the corresponding parent cationic complex as previously described for compounds (E)-2a-c. 19 Complex (E)-2d is new and we decided to also include in our series the complex containing 3-CH 3 O-styryl since a meta-methoxy substituent on the phenyl ring would behave as a pure, though weak, electron-withdrawing group since its +M effect does not affect the ipso carbon atom. 22 Thus 2d can be placed somewhat in between 2a and 2c, as far as the electronic characteristics are concerned.
Complexes (E)-2c and (E)-2d (both containing an electronwithdrawing group on the phenyl ring) appear to be more stable in chloroform solution than (E)-2a and (E)-2b and, after exposure to sunlight for several hours, a E/Z ratio close to 50 : 50 was reached without any detectable formation of decomposition products.
Photo-isomerisation of (E)-2a and (E)-2b
Compounds 2 were obtained as unique reaction products ( 1 H NMR and elemental analyses); however, ESI-MS spectra, recorded under low cone voltage, of samples of (E)-2a and (E)-2b, prepared according to the reported procedures (see ref. 19 To avoid the possibility that these impurities, during the irradiation process, could affect product formation, (E)-2a and (E)-2b were purified by conventional column chromatography which eliminated the cationic species as confirmed by ESI-MS runs (always under low cone voltage).
Chart 1 Sketches of isomers E and Z with identification of alkenyl protons and numbering of the complexes.
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Absorption (UV-Vis) spectra in CDCl 3 (Fig. S1 †) reveal significant absorption bands for (E)-2a and (E)-2b at wavelengths <380 nm, with an absorption maximum close to 280 nm which has been assigned by the TD-DFT calculations to an essentially π-π* transition (see below). Moreover, the absorption spectra in CDCl 3 do not show significant changes upon E-Z isomerisation. However, the E and Z isomers of a given alkenyl have well separated 1 H NMR signals which allow an accurate evaluation of their relative concentrations, in particular the signal of the high-field vinylic proton in the E isomers (H βE ) and that of the low field ortho-phenyl proton in the Z form (H oZ ) (see Chart 1 and Fig. 1 for alkenyl proton identification scheme). Therefore we decided to follow the isomerisation process by placing the samples in NMR tubes and irradiating with continuous wave (CW) light of wave length 351 or 420 nm. These wavelengths fall in the tail of the UV absorption band, ensuring a low absorption and a sufficient penetration of the radiation into the NMR sample. For the same reason ( penetration of the radiation into the sample), the complex concentration was also kept rather low (8-13 mM). For both compounds, (E)-2a and (E)-2b, an E/Z ratio of ca. 38/62 was reached at equilibrium. The energy of the irradiating light did not affect the equilibrium composition, but influenced the rate of isomerisation. The photostationary state (PSS), defined as the state for which the forward and the back reactions have equal rates, was reached after ca. 30 and 120 min of irradiation at 351 and 420 nm, respectively. On the basis of a first order transformation of one isomer into the other, the integrated rate law for the PSS model is given by eqn (1) which represents the rate law for the reaction: 
The experimental data show a good fit for eqn (1) 
The equilibrium constant, K = k 1 /k −1 , was 1.66 ± 0.08 and the kinetic constants were close to 10 −3 s ( Fig. 2 and S2 †), and nearly one order of magnitude lower at λ = 420 nm.
X-ray structure
Crystals suitable for X-ray analysis were obtained for (E)-2a-c ( Fig. S3-S5 and Table S1 †) and (Z)-2a (Fig. 3) . Relevant bond distances and angles are reported in Table 1 , where calculated values for E and Z isomers of 2a-d have been included (see Quantum chemical calculations, later on in this section). In all molecules, platinum(II) has the usual square-planar coordination geometry, when the alkenyl carbon, the chloride, and the tmeda nitrogen atoms are taken into account. As expected, the chelated diamine penta-atomic ring is puckered to accommodate the tetrahedral geometry of the nitrogen and carbon atoms. The distances between the metal centre and the two tmeda nitrogen atoms are significantly different, owing to the stronger trans-influence of the σ carbon with respect to the chlorido ligand (the Pt-N(2) bond trans to the alkenyl carbon being, on average, 0.1 Å longer than that trans to the chlorido ligand). The C α -C β and C β -C ipso bond lengths are typical of a double and a single bond, respectively; indicating, though, that there is little conjugation between the olefin double bond and the π system of the phenyl ring.
There are three independent molecules in the asymmetric unit of (E)-2a ( Fig. S3 †) ; the only differences among them are in the values of the dihedral angle between the coordination and the olefin plane (φ 1 ) and between the olefin plane and the phenyl ring (φ 2 ) (the coordination plane is the mean plane defined by the four donor atoms and the olefin plane is that containing the Pt-C α -C β -C ipso alkenyl back-bone). The values of φ 1 and φ 2 , for all structurally characterized molecules, are reported in Table 2 , where also the calculated values of the two angles for E and Z isomers of 2a-d have been included.
The angle φ 1 in most cases lies above 80°and therefore close to the value of 90°which should minimize the steric interactions between the alkenyl and the cis ligands. In two cases, presumably depending upon crystal packing effects, it exhibits a somewhat lower value, being ∼70°in (E)-2c and ∼50°in one of the molecules of (E)-2a.
The angle φ 2 , which gives a measure of the co-planarity of the alkenyl moiety and the phenyl ring is usually small (<26°) and in two cases is not higher than 6°. However, there is no significant evidence of conjugation between the olefin double bond and the aromatic π system judging from the values of the C α -C β and C β -C ipso bond lengths.
In (E)-2b, however, there is conjugation between the oxygen lone pair of the methoxy substituent on C4 and the phenyl π system, which is illustrated by the short value of the Me-O and O-Ph bonds (1.437(3) and 1.385(4) Å, respectively) and the large value of the Me-O-Ph angle (116.6(3)°). Seemingly the oxygen atom has sp 2 hybridization and the O-Ph bond some double-bond character. A similar situation was found in the parent cationic complex [PtCl{η 2 -CH 2 vCH(C 6 H 4 -4-OMe)}-(tmeda)] + , 22 and it was also previously described for some iminoether complexes of platinum. 23 An oxygen atom adjacent to a double bond often contributes to the π system. In this context it is worth noting the case of compound (Z)-2a ( Fig. 3) for which the dihedral angle of the phenyl ring with respect to the olefin plane is very small (φ 2 = 5°) while the olefin and the coordination planes are almost orthogonal (φ 1 = 87°). In such a situation the phenyl ring is also practically perpendicular to the metal coordination plane (making an angle of 89°). This arrangement brings one ortho-proton of the aromatic ring in close contact with the platinum atom: the Pt⋯H ortho distance being 2.632 Å (Pt⋯C ortho = 3.4012(4) Å and Pt⋯H ortho -C ortho angle = 138°). Moreover, in (Z)-2a the platinum atom has a pyramidal distortion and is displaced by 0.0343 (1) 
NMR spectroscopy
Significant NMR parameters for both E and Z isomers of 2a-d are summarized in Table 3 . In the 1 H NMR spectra of all compounds, the methyl groups on the tmeda nitrogen atoms give rise to two sharp singlets with significant differences in their chemical shifts and 3 J Pt,H coupling constants. These differences are caused by the different trans influences of the two ligands opposite to the two nitrogens. Thus, the two methyls on each nitrogen are magnetically equivalent implying fast rotation around the Pt-C α bond. This feature is fully supported by the variability of the φ 1 angles found in the solid state structure of (E)-2a, described in the preceding section. On going from the E to the Z isomers, the most significant differences observed in the 1 H NMR spectra are: (i) the smaller 3 J H,H between the two vinyl protons which in the Z isomer are cis disposed with respect to the olefinic double bond, and (ii) the chemical shifts of the two ortho protons of the phenyl ring which undergo a considerable downfield shift. When the two ortho protons are equivalent (this is the case of compounds 2a and 2b where the substituent on the phenyl ring is in the para position), the shift, in the Z isomer, is ∼1.3 ppm downfield with respect to the corresponding resonance in the E form. When the two ortho protons are not equivalent (this is the case of compounds 2c and 2d where the substituent on the phenyl ring is in the meta position), the downfield shifts are 1.61 and 1.02 ppm for compound (Z)-2d and 3.0 and 0.30 ppm for compound (Z)-2c (in both cases the more shifted proton is that close to the substituent). Therefore, the difference in chemical shift between the two ortho protons is much more marked in (Z)-2c (nitro substituent) than in (Z)-2d (methoxy substituent) with a downfield shift which is 10 times greater for one ortho proton than for the other. It is possible to conclude that in the case of (Z)-2c the residence time in the proximity of the metal atom (which causes the downfield shift) is much greater for one proton than for the other. This is most likely a consequence of the electron-withdrawing properties of the nitro group which increases the partial positive charge on the Table 1 Selected bond lengths (Å) and angles (°) for the given alkenyl complexes. Calculated values are shown in square brackets. Numbering of atoms as in Fig. 3 ( adjacent ortho proton. As a consequence, this proton can form a hydrogen bond type interaction with the metal centre much greater than that of the other ortho proton which is much further from the nitro group. It is also to be noted that the mean downfield shift of the ortho protons in the Z isomer, with respect to the E isomer, is in the range 1.23-1.31 ppm in three out of the four complexes examined and becomes 1.65 ppm in the nitro-derivative, further evidence of a strong Pt⋯H interaction in the last case.
Quantum chemical calculations
Ground-state geometries. Geometry optimizations were carried out for the ground-state electronic structures of all the considered E and Z isomers of 2a-d and the main geometrical parameters are reported in Table 1 . All calculations have been performed with the PBE0 exchange-correlation functional, which gave the best geometrical and energetic results in a preliminary study assessing several functionals, including B3LYP, BH-HLYP, PBE and PBE0 (see Table S2 † and Computational methods in the Experimental section). The predicted groundstate geometries are in good agreement with those derived from the single-crystal X-ray diffraction study, with bond lengths within 0.05 Å and bond angles within 5°, as indicated by the data in Table 1 . Slightly lower agreement is observed for the dihedral angles φ 1 and φ 2 but these angles are determined by crystal packing effects (Table 2) .
Interaction between platinum and the phenyl ortho hydrogens in the Z isomer. To better understand the types of interactions occurring between the platinum centre and the phenyl ortho hydrogens in the Z isomer, we compared the Mulliken atomic charges, on the Pt and the ortho H atoms of the phenyl ring, and the Pt⋯H ortho distances in the Z isomers (Table S3 †) . Two different charges are reported for compounds 2c and 2d, where the substituent on the phenyl ring is in the meta position and the two hydrogens are not equivalent (one being ortho and the other para to the substituent). Correspondingly, two different Pt⋯H ortho distances are reported for (Z)-2c and (Z)-2d, one for each of the two possible conformations with either of the two non equivalent ortho hydrogens interacting with the platinum centre (A and B in Chart 2).
A marked increase of the charge on the H ortho is observed on going from the E to the Z isomer. This charge increase in the Z isomer is particularly high for the H atom next to the electron-withdrawing -NO 2 substituent in (Z)-2c. Parallel to this high charge increase, we observe a shorter Pt⋯H ortho distance, 2.461 Å in (Z)-2c, to be compared with 2.738 Å in (Z)-2a; both effects being diagnostic of a strong Pt⋯H ortho hydrogen bond interaction. The presence of such an interaction is further supported by the comparison of the relative energies of the two possible conformers of the Z isomers (with either of the two non-equivalent ortho hydrogens interacting with the platinum centre). In (Z)-2c the conformer A, where the metal atom interacts with the H ortho closer to the electron-withdrawing -NO 2 substituent, is significantly lower in energy (by 2.9 kJ mol −1 ; 7.0 kJ mol −1 in gas phase) than conformer B; while in (Z)-2d the two conformers are almost isoenergetic (they differ by only 0.2 kJ mol −1 ; 0.7 kJ mol −1 in the gas phase). The larger stability of conformer A in (Z)-2c also explains why the difference in chemical shift between the two ortho protons is so marked (Δδ of 3.30 in (Z)-2c to be compared with a Δδ of 0.56 ppm in (Z)-2d, Table 3 ) with the proton closer to the substituent shifting at lower field. Indeed, in the case of (Z)-2c conformer A, where the platinum atom interacts with the most positively-charged ortho hydrogen, is much more populated than conformer B; in contrast, in the case of (Z)-2d the two conformers are almost equally populated. The nature of the Pt⋯H ortho interaction in the Z isomers was also investigated by performing a natural bond orbital (NBO) analysis which, through a perturbation theory approach in terms of bond orbitals, allows unravelling of specific donoracceptor interactions involving metal centred orbitals (empty or filled) and two-centred C-H orbitals (bonding or antibonding) (Table S4 †). The analysis shows that the most energetically important contribution to the Pt⋯H ortho interaction is a donation from the filled d z 2 orbital of the metal to the empty σ* orbital of C-H ortho . Such an interaction has already been proposed as the main theoretical feature of M⋯H-C hydrogen bond-like interactions. 24 An additional but minor donation can come from a filled π(Pt-Cl) orbital (comprising an important metal d xz component) and a chlorine lone pair to the empty σ*(C-H ortho ) antibonding orbital. Moreover, the metal d z 2/d xz to σ*(C-H ortho ) donation increases on going from (Z)-2a, (Z)-2b or (Z)-2d to (Z)-2c and is significantly higher for conformer A, where the most positively-charged H ortho is closer to the Pt atom, further confirming the hydrogen-bond nature of the Pt⋯H ortho interaction. E/Z photo-isomerisation pathway. The time-dependent density functional theory (TD-DFT) method was used to estimate the nature and energies of the spectroscopically accessible excited states. The lowest 20 singlet states for each compound were probed using this method. A full list of electronic transitions, transition energies, and oscillator strengths is presented in Table S5 . † The calculated transitions for compound (E)2-a are superimposed on the UV-Vis spectrum in Fig. S6 . † Two main allowed electronic transitions contribute to the lowest energy absorption band centred at ca. 280 nm, one falling at 260 nm (S 6 ) and the other at 277 nm (S 4 ). The most intense transition at 277 nm has a predominantly intra-ligand π → π* alkenyl character, as shown by the involved molecular orbitals reported in Fig. S7 , † and corresponds to the HOMO → LUMO transition. The second most intense transition at 260 nm also has an intra-ligand character, but with a mainly π(CvC) → π*( phenyl) contribution. Three much weaker transitions of lower energy, falling at 286 (S 3 ), 290 (S 2 ) and 309 (S 1 ) nm, with mainly π(CvC) → d or d → d character, contribute to the absorption shoulder around 300 nm. Note that the two most intense transitions of (E)-2a, S 4 and S 6 , correspond to the two lowest excited states of stilbene and have mainly the same character, respectively π(CvC) → π*(CvC) and π(CvC) → π* ( phenyl), and similar excitation energies.
To shed some light on the first steps along the E/Z photoisomerisation pathway, a TD-DFT relaxed scan of the potential energy surface (PES) for the excited S 4 state of (E)-2a was performed as a function of the Pt-C α vC β -H β torsion angle around the alkenyl CvC double bond (ϕ varied from 180 to 105°). The results are reported in Fig. S8 † and show how, on decreasing ϕ from 180°to 105°, there is a slow decrease of S 4 which intersects the excited states S 1 -S 3 and becomes the lowest excited state for ϕ below ca. 150°. Angles below 105°w
ere not considered due to the well-known instability of the TD-DFT approach near the conical intersection with the ground state. This picture was confirmed by a full geometrical optimization of the lowest triplet state, not showing any stability problem, which leads to the expected structure with ϕ = 90°and a broken alkenyl CvC double bond.
Thus the obtained results suggest, for the E/Z photo-isomerisation process, the traditional CvC bond twist mechanism characterized for the analogous purely organic stilbene molecule. 25 Upon photo-excitation, the excited state relaxes out of the FC region toward partially twisted structures of the E-isomer on the S 4 surface and reaches the S 4 /S 0 conical intersection, thus isomerizing to the ground state Z-isomer. The presence of three curve crossings with S 1 -S 3 could slow down the relaxation to the conical intersection with S 0 , thus allowing part of the excited state population to quickly decay back to the ground state via fluorescence. However the latter possibility was not investigated since it cannot be adequately approached with the TD-DFT method.
Discussion
Deprotonation versus nucleophilic addition
The formation of alkenyl complexes by deprotonation of a η 2 -bonded olefin represents an interesting synthetic procedure, which, however, depends very much upon steric effects. The η 2 -bonded olefin in compounds of type 1 is highly electrophilic and usually reacts with a base to give nucleophilic addition. 22, 26, 27 The steric bulk of triethylamine, used as a base, produces severe retardation of the nucleophilic addition (only a tiny amount of addition product is formed) allowing the alternative process of olefin deprotonation to become dominant. The deprotonation involves the hydrogen most exposed to the solvent (that lying trans to the phenyl ring) and not the most acidic one which, in free styrene, is that on the carbon bearing the phenyl group. 28 The pivotal role of the steric bulk in this type of reaction is also supported by the observation that, in cationic complexes of type 1, the addition of a tertiary aminic function to the olefin has been observed exclusively in the case of un-substituted ethene 29 and that, in the case of NHEt 2 , the product of addition to the cationic complexes 1a and 1b sees, at equilibrium, a large preference for the anti-Markovnikov isomer.
27
Solid-state and solution structure of the alkenyl complexes X-ray parameters of (E)-2a-c and (Z)-2a are in agreement with literature data for platinum alkenyl complexes. 30, 31 In our series of complexes the metal-to-carbon distances are just below 2 Å and are in line with those reported for other platinum-to-carbon σ bonds opposite a donor of similar trans influence (an aminic nitrogen in our case). 30 Similarly, the trans influence of an alkenyl ligand is found to be practically identical to that of an alkyl group (Pt-N distances trans to Pt-C α (Table 1) in the range 2.16-2.18 Å as found for the bond between platinum and the tmeda nitrogen trans to a sp 3 -hybridized carbon atom). 27 The lack of conjugation between the vinyl group and the π system of an aromatic substituent appears to be quite general 31 notwithstanding the quasi co-planarity of the alkenyl and phenyl moieties observed in several cases in the solid state. In contrast, there is conjugation between the oxygen lone-pair of a methoxy substituent and the phenyl π-system fully confirming previous observations.
22,23
Of particular interest is the very short Pt⋯H ortho distance observed in compound (Z)-2a (2.632 Å), accompanied by a pyramidal distortion of the square-planar coordination and a significant displacement of the platinum atom from the coordination plane towards the phenyl ortho proton, while the Pt⋯H-C angle (ψ) is ca. 140°. The values of M⋯H distance and ψ angle have been assumed as useful criteria to distinguish between agostic and non-agostic M⋯H-X interactions. 24, [32] [33] [34] [35] In particular, agostic interactions (which involve two electrons and three centres) 32 are characterized by a relatively short M⋯H distance (1.8-2.3 Å) and a ψ angle value in the range 90-140°. Unlike agostic interactions, hydrogen bond interactions (which involve four electrons and three centres) 34, 35 exhibit a relatively longer M⋯H distance (2.3-2.9 Å) and a larger ψ angle which can range from 160-180°for stronger bonds to 140-160°for weaker bonds, thus approaching the upper value of the range reported for agostic interactions. However, the values of crystallographic parameters alone might not be sufficient to evaluate the type of interaction between a metal and a hydrogen atom lying in its proximity, whereas solution NMR data are much more informative in this respect.
A most relevant feature resulting from the NMR investigation is the downfield shift experienced by the ortho phenyl protons upon E to Z isomerisation. In principle this downfield shift could be ascribed to the magnetic anisotropy of the metal centre. Large downfield shifts are typical of protons in a
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Dalton Transactions pseudo-axial position above the platinum atom in a squareplanar complex. 36 However, the difference in downfield shift between the two ortho phenyl protons in 2d and in 2c cannot be due to a generic effect of the magnetic anisotropy of the metal core, nor to an agostic interaction (which typically produce an upfield shift), but points to a type of hydrogen bond interaction. The possibility for the platinum atom to act as H-bond acceptor, also in neutral complexes, is now well documented. 35 In the alkenyl complexes here described, we are in the fortunate case of a phenyl group with the two ortho protons having different partial positive charges depending upon the electron-withdrawing strength of the adjacent substituent. The greater the positive charge accumulated on the hydrogen atom, the greater is its downfield shift. In the case of (Z)-2c (nitro substituent) the downfield shift for the more positive ortho proton is ten times greater than for the other ortho proton, indicating that the greater the positive charge of the hydrogen, the more exclusive is its interaction with the metal centre; this is typical of the H-bond type interaction. There is no detectable J Pt,H coupling resulting from such a Pt⋯H interaction, which could be essentially electrostatic. It must be pointed out that, even in compound (Z)-2c, where the Pt⋯H ortho interaction is very strong, in solution the alkenyl moiety can freely rotate about the Pt-C α bond as indicated by the equivalence of the methyls on each nitrogen of the tmeda ligand.
The nature of the Pt⋯H ortho interaction is fully supported by the results obtained with the performed calculations. In particular the good agreement between experimental and calculated value of the Pt⋯H ortho distance in (Z)-2a gives complete significance to the calculated values of all other Z isomers setting an important H-bond interaction between the metal and the H ortho protons of the phenyl group. However, even in the case of (Z)-2c; where there is a very strong H-bond interaction with one H ortho , the free rotation around the C β -C ipso bond is not prevented in solution (as already pointed out in the previous paragraph). Moreover, this picture is also supported by the calculated charges on the H ortho , which are consistent with the experimental 1 H NMR shifts. Indeed, the analysis of the DFT orbitals indicates that the most shifted H ortho is that with greater positive charge, pointing to an H-bond type of interaction.
Isomerisation around the double bond
The E/Z isomerisation around the CvC double bond, which was another focus of this work, is a process which is seldom observed in alkenyl metal complexes, where the presence of different forms generally stems from different reaction mechanisms rather than from a post-formation isomerisation process. 6 There are cases, however, in which, starting from a kinetically-determined isomeric composition of the alkenyl, a new composition, under thermodynamic control, has been obtained by administering some energy as heat 2, 10 or light (as in our case), or by electrochemical oxidative catalysis (the E + → Z + transformation appears to be faster than that occurring between neutral molecules). 37 In our case the equilibrium composition was only slightly in favour of the Z isomer and the kinetic data clearly indicate that a monomolecular mechanism is operating. As expected, the energy of the irradiating light influences the rate of isomerisation but not the equilibrium composition.
As far as the mechanism of the isomerisation process is concerned, TD-DFT calculations indicate that it proceeds through the traditional CvC bond twist process operating in purely organic molecules, like stilbene.
Experimental
Reagents and methods
Reagents and solvents were commercially available and used as received without further purification. Elemental analyses were performed with a CHN Eurovector EA 3011.
1 H and 13 C NMR spectra were recorded on a 300 MHz Mercury Varian, DPX-WB 300 and 500 Avance Bruker instruments equipped with probes for inverse detection and with z gradient for gradient-accelerated spectroscopy. 1 H and 13 C NMR spectra were referenced to TMS; the residual proton signal of the solvent was used as internal standard. 1 H/ 13 C inversely detected gradient-sensitivity enhanced hetero-correlated 2D NMR spectra for normal coupling (INVIEAGSSI) was acquired using standard Bruker automation programs and pulse sequences. Each block of data was preceded by eight dummy scans. The data were processed in the phase-sensitive mode. ESI-MS spectra were recorded on a Platform II Mass spectrometer (Micromass, Manchester, U.K.).
UV-Vis electronic absorption spectra were obtained on a Varian Cary 300 UV-Vis spectrophotometer equipped with a temperature control block using 1 cm path-length cuvettes. All spectra were baseline-corrected using pure solvent as a background. Data were processed using Microsoft Office Excel.
The complexes
The alkenyl complexes [PtCl(η 1 -C α H-C β HAr)(tmeda)], 2, (Ar = In both sets of experiments, the spectroscopic analyses took approx. 15 min to be completed. When not being irradiated the solutions were handled under low lighting conditions and no change in speciation was observed on this timescale in the absence of the light source. All 1 H NMR spectra were acquired with 32 scans on a Bruker DRX-500 NMR spectrometer (frequency width was 20 000 Hz (20 ppm) pulse angle was 30°, the relaxation delay 1 s). The data were analysed using Topspin (version 2.1). Integration of proton signals H oZ , H oE , H αZ and H αE was used to determine the ratios of the different isomers.
X-ray investigations
Diffraction data were collected: for (E)-2a, (Z)-2a, and (E)-2b on a Bruker Smart Apex-II diffractometer equipped with an Oxford Cryosystems low-temperature device operating at 150 K; and for (E)-2d on an Bruker AXS X8 APEX CCD system equipped with a four-circle Kappa goniometer and a 4K CCD detector (in this case data collection was performed at room temperature). MoKα radiation was used in all cases. Corrections for systematic errors were performed with SADABS program. 38 The structures were solved using DIRDIF, 39 SHELXS, 40 or SIR2004; 41 and they were refined by full matrix least squares against F 2 and all data (SHELXL). 40 All calculations and molecular graphics were carried out using PARST97, 42 WinGX, 43 and Mercury CSD 2.0. 44 All non-H atoms were refined with anisotropic displacement parameters, and H-atoms were included in ideal positions. Symmetry checks on structure (E)-2a, which contains three molecules in the asymmetric unit, do not indicate any missed translational operation.
Computational methods
The molecular structures of the ground states of the (E) and (Z)-2a complexes were initially optimized at the DFT level using the B3LYP 45 BH-HLYP, 46 PBE, 47 and PBE0 48 functionals. The energies of the 20 lowest lying singlet-singlet energy transitions for (E)-2a were calculated at the optimized geometry with the time dependent density functional theory (TD-DFT) 49 employing the same exchange-correlation functionals. The comparison of the optimized geometries with the experimental X-ray geometry, see Table S2 , † shows a better agreement for the PBE0 functional. The comparison of the calculated UV-Vis spectra (only that for the PBE0 is reported in Fig. S7 †) with the experimental spectrum in Fig. S1 , † also shows that the PBE0 functional can better reproduce the experimental features (e.g. 277 vs. 280 nm for the maximum with a shift of only 3 nm, instead of about 10 nm for all other functionals). We therefore employed the PBE0 functional for further calculations on the ground state of all considered alkenyl Pt(II) complexes (E) and (Z)-2a-d, and on the excited states of (E)-2a. Reaction enthalpies and free energies for the E/Z isomerisation were estimated at this level of theory for all Pt alkenyl complexes. For 2c and 2d species two conformations per metal complex, differing by a 180°rotation of the phenyl ring around the C β -C ipso bond (C7-C1 in Fig. 3) , were considered. The rotation is expected to be almost free at room temperature. The reported enthalpies and free energies were computed by using the lowest energy conformation for each isomer. The free energy differences between these two conformations in complexes 2-c and 2-d were used to perform a Boltzmannweighted average of chemical shifts (vide infra).
The structures obtained at the DFT and TD-DFT levels were confirmed to be energy minima by calculating the harmonic vibrational frequencies using numerical differences. The Karlsruhe triple-ζ basis sets augmented with one set of polarization functions, designed for small core ECPs (def2-TZVP) were used. 50 All calculations have been done with TURBOMOLE. 51 The effect of chloroform solvent was taken into account by COSMO polarisable continuum model (ε = 4.9), as implemented in TURBOMOLE. 51 Further calculations on the PBE0 optimized geometries of alkenyl complexes were performed by using Gaussian 03. 52 Natural bond orbitals (NBO) analyses, Mulliken atomic charges and isotropic shielding constants were calculated by using PBE0 (PBE1PBE in the Gaussian 03 implementation) and double-ζ basis sets: the all electron 6-31G(d,p) basis set was used for C, N, O, Cl and H atoms, 53 whereas the LANL2DZ basis set, comprising the LANL2 effective core potential for the inclusion of relativistic effects, was used for the Pt atom. 54 1 H chemical shifts of (E) and (Z)-2a-d complexes were calculated by using the gauge-independent atomic orbital (GIAO) method. 55 The chemical shifts were obtained by subtracting the reference isotropic shielding of TMS protons calculated at the same PBE0 level of theory. Both GIAO and NBO calculations were carried out in the presence of a polarizable continuum simulating the chloroform solution (ε = 4.9) by means of the CPCM method 56 implemented in Gaussian 03.
Conclusions
The alkenyl complexes of platinum(II), examined in the present investigation, can have E or Z configuration. The ground state energy of the two isomers is quite similar and, in chlorinated solvents, the [Z]/[E] ratio at equilibrium is only slightly above 1. The E forms are kinetically favoured and rather stable at room temperature; however, by heating or by irradiation with UVA and blue light, the thermodynamic equilibrium between E and Z isomers can be reached.
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The isomerisation process most probably occurs through the classical CvC bond twist mechanism operating in organic molecules such as stilbenes.
In the Z isomers an H-bond can be established between an ortho hydrogen of the phenyl ring and the platinum centre whose strength parallels the Mulliken charge of the hydrogen atom. 
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